Abstract. The use of fly ash as an alternative material for cement substitute in concrete mix already a common practice nowadays. However, as a waste material, fly ash varies in quality and condition, as shown by variation of its fineness, specific gravity, Loss on Ignition (LOI) and also on its chemical composition. By measuring the acidity (pH) of the fly ash in water solution, percentage of mass retained on 45 µm sieve, and superplasticizer demand of the fly ash, we can develop a quick estimation of the quality of fly ash. This study aims to investigate a quick method to estimate the quality of fly ash by measuring the physical and chemical pointers, as indicator for its properties and the effect on the setting time and compressive strength of mortar. Fly ash content was varied from 0-70% of the total mass of cementitious materials to make HVFA mortar. Fly ashes were obtained from four power plants in Indonesia. Tests conducted were material characterization, setting time, temperature rise, and compressive strength of mortar at different ages. Different fly ash quality can be shown by the fast pointers; namely pH, superplasticizer demand and % retained on 45 µm sieve. Setting time and strength development were affected by the different properties of fly ash.
Introduction
Fly ash is generally obtained as a waste from coal fired power plant. The quality or content of fly ash varies due to the different supply of coal and different combustion methods and so on. The variation is dependent on the source of the coal, combusting equipment, carbon content, particle fineness [1, 2] . Variations of fly ash can be easily detected by measuring the acidity (pH) of fly ash in distilled water. Several reports mentioned that the levels of pH and temperature can affect the reactivity of fly ash and strength of concrete containing fly ash [3] [4] [5] . It requires a pH value of at least 13 to start the pozzolanic reaction of fly ash in the mixture of Portland cement. Alkalinity, as the opposite of acidity, of fly ash is the main variable that can control the solubility and movement of water contained in the fly ash. The variation of fly ash needs to be characterized in early stage. High quality fly ash can be readily used, while low quality fly ash requires beneficiation process [6] .
To minimize the use cement, this research focuses on the use of high volume fly ash (HVFA) mixture. HVFA is the term used when the use of fly ash in concrete mixtures exceed 50% of the total cementitious material [7] . The focus is on rapid detection of quality of fly ash by measuring its pH levels in distilled water solution, percentage of mass retained in 45 µm sieve and superplasticizer demand to obtain a workable mixture. Testing was conducted on the properties of fresh and hardened concrete, i.e. mortar flow, setting time, temperature rise and concrete compressive strength at 3, 7, 14, 28 and 56 days. It was found that the method can serve as a guide for the determination of fly ash quality as material for making HVFA mortar or concrete. With that, the proportion of the mixture can be altered easily, adjusting to the quality of fly ash used.
Experimental Program
Material Preparation. Fly ash samples were taken from several power plants in Java, Indonesia. Figure 1 shows the four different fly ash samples, i.e. from Paiton Power Plant unit 5-6, Probolinggo (YT), from Tanjung Jati Power Plant, Jepara (TJ), from Paiton Power Plant unit 1-2, Probolinggo (PJ) and from Rembang Power Plant (RB). Table 1 shows the pH value, the chemical compound and physical properties of the fly ash samples. Distilled water was used troughout the study. In the determination of pH value, 20 gr fly ash was mixed with 80 gr distilled water; pH was measured after 2 hours [8] . Specific surface area (SSA) was analyzed by conducting particle size analysis. Percentage of mass retained on 45µm sieve was also measured. Portland Pozzolan cement (PPC) produced by Semen Gresik was used as cementing material, in combination with fly ash. Fine aggregate used was of river sand from Lumajang, with specific gravity of 2.72 and fineness modulus of 2.13. Mixture Composition. The mixtures of HVFA mortar were prepared with the amount of fly ash content varies from 0 to 70% of the total cementitious material (CM), with 10% interval. The total cementitious material and sand ratio was set constant at 0. Table 2 . Most mixtures only need 0-0.16% SP for low fly ash content mixtures to achieve the target workability. The higher the fly ash content, the lower the SP demand. The only exception was fly ash RB, as it required higher superplasticizer addition, and it continued even at high fly ash content. Each fresh mixture was tested for a Vicat setting time, temperature rise, and casted in 5×5×5 cm 3 moulds for compressive strength testing. The specimens were immersed in tap water bath for curing until one day before testing. Compressive strength was tested at 3, 7, 14, 28 and 56 days of age.
Results and Discussion
Indicators of Fly Ash Characteristics. Fly ash chemical compound measured by XRD provides the best description of its characteristics. However, this test is expensive and the result may not be readily available immediately. Measuring pH level and conducting sieve analysis on fly ash, aside from Foam Index Test, can be fast methods to estimate the quality of fly ash. Figure 2 (a) shows relationship of pH values and CaO content of the fly ash samples. It shows nearly linear relationship, whereby the higher CaO content, the higher the pH value of fly ash. pH value can immediately give indication of the calcium content of the fly ash. The same is for the relationship between specific surface area (SSA) and percentage of mass retained on sieve 45µm, as shown in Figure 2(b) . However, more data are needed to produce better correlation curves. Temperature Rise. The temperature rise was measured on 400gr of paste sample contained in a polystyrene box. The temperature rise were measured for 72 hours. Figure 4(a) shows temperature evolution of the mixture with different fly ash content for fly ash YT. Increase the fly ash content lowers the peak of the temperature evolution and prolong the time when it happens (i.e. peak time).
Comparison of the peak of the temperature and the peak time for the four types of fly ash used is shown in Figure 4(b) . Different type of fly ash shows different peak time; however the peak temperature is similar one to the other, meaning that the heat of hydration is mostly generated by the Portland cement. Different duration to reach the peak temperature needs to be considered if high volume of fly ash is to be used. This could be influenced by the chemical composition of fly ash. Compressive Strength. Figure 5 shows the compressive strength development of mortar containing fly ash from different sources. It is shown that the compressive strength tends to decrease with the increase of fly ash content. However, there is significant increase on the compressive strength of mortar from 28 days to 56 days, especially when the fly ash content ranges from 20 to 40%, for all types of fly ash. Fly ash YT shows even high increase of strength from 14 days to 28 days of age, indicating that the pozzolanic reaction could take place at earlier concrete age. This can be attributed to the large specific surface area of the fly ash, accelerating the reaction process. Similar strength to the one without any fly ash content was achieved by mortar containing 30-40% fly ash, from all types, at 56 days concrete age, showing that all four types of fly ash used in this study have very high potential to be used as cement replacement material in concrete mixture.
Conclusions
Variation of fly ash obtained from different sources can cause variation on the properties of concrete mixture. The variation can be attributed to its chemical composition or its physical properties. From this research, several outcomes were obtained, i.e.:
Measuring the pH, particle retained on 45 µm sieve and superplasticizer demand can be used as rapid indicators of fly ash chemical and physical properties, in terms of calcium content, fineness and particle shape; that affect different fresh and hardened concrete properties.
The use of fly ash in concrete mortar or concrete mixture increases its setting time, but the increment also depend on the chemical properties of the fly ash. High calcium fly ash tends to cause relatively shorter initial setting time and longer final setting time.
Temperature rise due to concrete hydration decreasea with the increase of fly ash content, as it is mainly determined by the amount of cement content.
Compressive strength of concrete or mortar containing 30-40% fly ash is comparable to the control concrete with no fly ash content at the age of 56 days. This shows the high potential of fly ash to be used in concrete mixture.
